ABSTRACT To improve Neotyphodium endophyte-mediated resistance to black cutworm Agrotis ipsilon (Hufnagel) (BCW), a series of experiments was conducted by using several different cultivars of tall fescue, Schedonorus arundinaceus (Schreb.) Dumort. in combination with several different haplotypes of the endophyte Neotyphodium coenophialum (Morgan-Jones & Gams) (plant cultivar ϫ endophyte haplotype ϭ plant line), each producing unique alkaloid proÞles. BCW settling response, survival at 5 and 10 d, and larval biomass varied signiÞcantly among plant lines. In general, greater variation BCW performance was observed within a single plant cultivar infected with different endophyte haplotypes than among different plant cultivars infected with the same endophyte haplotype, but comparisons among the former were far more numerous. Although Þve endophytemediated alkaloids representing three alkaloid classes were quantiÞed in the plants, the pyrrolizidine alkaloid N-acetyl norloline was consistently the single best predictor of BCW performance. BCW settling response, 5-d survival, and 10-d survival decreased as levels of the alkaloid N-acetyl norloline increased. The same three response variables also decreased with increasing levels of peramine, but increased with increasing levels of ergovaline. Minor variation in endophyte infection levels occurring among infected plant lines had no signiÞcant inßuence on BCW performance. Results indicate a potentially important role for N-acetyl norloline and peramine in providing resistance to black cutworm whereas ergovaline appears to be much less important. Therefore, endophyte haplotypes expressing high levels of N-acetyl norloline and peramine may be of particular importance for developing ÔfriendlyÕ endophyte-enhanced turf and pasture grasses that resist challenging lepidopteran pests, although remaining safe for wildlife and grazing mammals.
Asymptomatic fungal endophytes in the genus Neotyphodium have evolved symbiotic relationships with several important turf and forage grass species including tall fescue, Schedonorus arundinaceus (Schreb.) Dumort. Although the fungus beneÞts from access to plant nutrients and structural support provided by the grass, the grass beneÞts from resistance to herbivory and enhanced environmental stress tolerance (Breen 1994 , Hesse et al. 2003 , Richmond et al. 2004 . The basis of endophyte-mediated herbivore resistance lies in the synthesis of several alkaloids that may deter herbivore feeding Shetlar 1999, 2000) or impede herbivore growth, development or reproduction (Rowan and Gaynor 1986 , Hoveland 1993 , Porter 1995 , Ball et al. 2006 . Alkaloid production in endophyte infected plants varies seasonally with temperature (Salminen et al. 2005 , Ju et al. 2006 ) and with common cultural practices such as irrigation (Bultman and Bell 2003) ; mowing (Salminen and Grewal 2002) ; and fertilization (Belesky et al. 1988 , Arechavaleta et al. 1992 . Although alkaloid expression levels tend to vary with plant genotype Latch 1994, Hiatt and Hill 1997,) the spectrum (types) of alkaloids produced by endophyte infected plants depends largely on endophyte haplotype (gentic strain) (Lane et al. 2000) . Plant breeders interested in producing commercial varieties of these grasses have made signiÞcant efforts to exploit the endophyteÐplant symbiosis to develop improved turf and pasture grasses. In general, the goal is to develop endophytic grasses that beneÞt from enhanced tolerance to abiotic stress and resistance to insects and diseases, while being safe for wildlife and grazing mammals. Evaluating the level of insect resistance provided by novel endophyte ϫ grass combinations that lack known vertebrate toxins is an important part of this process.
Different endophyte strains produce different suites of defensive alkaloids. To date, three main classes of alkaloids have been associated with insect resistance in tall fescue infected by the endophyte Neotyphodium coenophialum (Morgan-Jones & Gams) Glenn, Bacon & Hanlin; ergot alkaloids (Garner et al. 1993) ; pyrrolizidine alkaloids of the loline family (Bush et al. 1993) ; and the pyrrolopyrizine alkaloid peramine (Rowan and Gaynor 1986) . Although ergot alkaloids apparently can provide signiÞcant insect resistance (Potter et al. 2008) , some, particularly ergovaline, are a major concern for plant breeders and conservationists because of their toxicity to livestock and other grazing mammals (Siegel et al. 1985 , Aldrich et al. 1993 . In contrast, the loline alkaloids have been associated with lower insect biomass, reduced survival, longer developmental times, or all three, although being relatively nontoxic to mammals (Siegel et al. 1990 ). Likewise, the alkaloid peramine, which apparently has no effect on mammalian herbivores, has been associated with feeding deterrence in some insects Gaynor 1986, Siegel et al. 1990 ) although many insects show no sensitivity to this alkaloid (Bush et al. 1997) .
Recent discoveries have provided a number of novel ÔfriendlyÕ Neotyphodium coenophialum strains that do not produce the mammalian toxin ergovaline, yet maintain the ability to produce other alkaloids that may be useful for insect resistance (e.g., lolines and peramine). Studies exploring the ability of some of these novel endophytes to provide insect resistance have yielded varying results (Popay et al. 1995 , Ball et al. 2006 , Bultman et al. 2006 , Popay and Gerard 2007 , Potter et al. 2008 . Still, experiments that systematically manipulate plant and fungal genetic variation could help identify important sources of insect resistance and help clarify the relative utility of different alkaloids in providing resistance to particularly damaging insect species, although remaining relatively benign to vertebrate wildlife and livestock.
Black cutworm Agrotis ipsilon (Hufnagel) (BCW) feeds on a variety of grasses including tall fescue Grewal 2003, Richmond et al. 2004 ) and is a serious economic pest of turfgrass and grain crops Braman 1991, Showers 1997) . Recent work indicates that BCW survival and biomass may be positively or negatively inßuenced by endophyte-mediated defenses (Richmond and Bigelow 2009) , and the ability of this insect, and others within the family Noctuidae, to tolerate (Breen 1993 , Williamson and Potter 1997 , Saikkonen et al. 1998 , Braman et al. 2002 , Bultman and Bell 2003 , Kunkel and Grewal 2003 , Popay and Bonos 2005 , Ball et al. 2006 or circumvent (Kunkel and Grewal 2003 , Richmond et al. 2004 ) these defenses poses a challenge and an opportunity to reÞne our understanding of endophyteÐplantÐinsect interactions. Potter et al. (2008) demonstrated that although ergot alkaloids can play a minor defensive role against BCW, they are not necessary components of resistance to this insect. Therefore, resistance against BCW and other insects potentially could be accomplished with ÔfriendlyÕ endophytes that are relatively safe for wildlife and livestock. A broader consideration of plantÐ endophyte associations may promote progress toward this goal by providing the opportunity to identify alkaloids that are essential for insect resistance and clarify how genetic variation among plant cultivars and endophyte strains inßuences endophyte expression.
The objectives of this study were to evaluate the utility of several novel plant cultivar ϫ endophyte combinations (plant lines) of tall fescue for providing resistance to the BCW and examine how variation in alkaloid expression and endophyte infection levels inßuence the expression of resistance. Results of this research will enhance our understanding of endophyte-mediated resistance to BCW and may help direct the development of ÔfriendlyÕ endophyte-enhanced grasses that are resistant to even the most recalcitrant of insect pests.
Materials and Methods
Plant Material. The plant lines (plant cultivar ϫ endophyte haplotype combinations) were chosen for this experiment based on three criteria: 1) their ability to represent a wide range of alkaloid production capabilities, 2) allow for comparisons among different endophyte strains infecting the same parent material or cultivar (endophyte haplotype affects), and 3) allow for comparisons among different cultivars infected by the same endophyte strain (plant genotype affects). Both SR8600 ϫ wild type and ÔJesupÕ ϫ AR542 (MaxQ) are commercially available lines, the former being a turf-type line and the latter, a pasture-type line. The designation "wild type" indicates that endophyte haplotype is unknown and likely represents a mixture of haplotypes naturally occurring in the parent plant material. Seeds of the Jesup and GA-5 plant lines were acquired from AgResearch USA, Ltd (Asheville, NC) whereas seeds of SR8600 were acquired from Seed Research of Oregon (Corvallis, OR). In all, 10 different plant lines were selected for the experiment.
Twenty seeds of each different tall fescue (Table 1) were planted into pots (7.62 cm in diameter) contain- -16 , N-P-K, Tenbarge, Haubstadt, IN) was added to each pot at a rate of 195-kg nitrogen/ha/y, and plants were irrigated every other day by using an automated overhead irrigation system set to deliver 100 ml of water to each pot. To allow for sufÞcient plant material to be produced and to provide sufÞcient time for endophyte-mediated alkaloids to be expressed, plants were allowed to grow for Ϸ10 wk before bioassays were initiated. During this time, plants were maintained at a height of 8.89 cm by cutting every other week. Endophyte Infection. Just before the initiation of bioassays, endophyte infection levels in each plant line were determined using a tissue print immunoblot procedure (Agrinostics Ltd. Co., Watkinsville, GA) similar to that process described by Gwinn and Gavin (1992) . For this purpose 24 tillers were selected from the eight pots of each plant line (three tillers from each pot). The tillers were wrapped in moist paper toweling and transported to the laboratory. In the laboratory, a 3.0-mm cross section was cut from the base of each tiller and placed on a nitrocellulose membrane overnight. Tiller sections were removed from the nitrocellulose membrane the next morning and the membrane was allowed to air dry before being processed, developed, and scored for endophyte infection.
Bioassay Design. BCW eggs were purchased from Benzon Research (Carlisle, PA). Upon arrival, eggs were surface sterilized by rinsing them in a 1% Clorox (The Clorox Company, Oakland, CA) bleach solution (0.06% NaClO in water). Eggs were then rinsed in water to remove any remaining bleach and kept at room temperature until eclosion. Upon eclosion, 15 petri dishes (5 cm in diameter) were prepared for each plant line by lining the bottom of each dish with a 4.5-cm-diameter Þlter paper disc. One half of a water-saturated cotton dental wick was placed in each dish to maintain even moisture. Three 2-cm leaf clippings taken at random from the eight pots of each plant line were placed in each petri dish, and 10 neonate BCW were added. Dishes were covered and held in the lab at ambient temperature (21 Ϯ 1ЊC).
Black Cutworm Performance. At 24 h, settling response was recorded by counting the number of larvae residing and actively feed on leaf clippings (nonchoice assay). Larvae then were allowed to feed ad libitum for four additional days with clippings being replaced every 48 h. At 5 d, the number of larvae surviving in each petri dish was recorded and surviving larvae were transferred to new petri dishes with fresh Þlter paper, dental wick, and clippings. Larvae were allowed to feed for Þve additional days with clippings being replaced every 48 h. At 10 d, the number of larvae surviving in each petri dish again was recorded. Surviving larvae from each dish were then weighed as a group and mean larval weight was calculated for each dish. Each treatment was replicated a total of 15 times.
Alkaloid Extraction and Analysis. When feeding assays were almost complete, all above ground plant tissue was harvested from pots by cutting plants at the soil surface. Although the distribution of alkaloids is known to vary somewhat within different regions of the plant, all above ground plant tissue was harvested for alkaloid analysis because of the small amount of leaf material remaining after completion of the bioassays. Harvested tissue was pooled by plant line, placed into paper bags, lyophilized, and ground to pass through a 1-mm screen. Ground samples were thoroughly mixed and subjected to a series of extraction and quantiÞcation methods as follows:
Ergovaline was extracted from plant material by using a method modiÞed from Spiering et al. (2002) . A sample of lyophilized grass tissue (50 mg) was extracted for 1 h with 1.0 ml of the prepared extraction solvent (50% isopropanol, 1% lactic acid with 1.16 ng/ml ergotamine tartrate as internal standard). The sample was then centrifuged (8,000 G 1 , 5 min), and a 500-l aliquot of the supernatant was transferred to an HPLC vial for analysis. The limit of detection of this technique was 0.1 g/g.
Loline alkaloids were measured using gas chromatographic methods modiÞed from Kennedy and Bush (1983) and Yates et al. (1989) . A sample of lyophilized grass tissue (100 mg) was extracted for 1 h with 50 l of 40% methanol/5% ammonia and 1 ml of the 1,2-dichloroethane (containing 53.7 ng/ml 4-phenylmorpholine as internal standard). The tubes were then centrifuged for 5 min at 8,000 G 1 , and the supernatant transferred to a glass GC vial via a 10-m Þlter for analysis. The analysis was conducted on a gas chromatography-ßame ionization detector (GC-FID) equipped with a ZB-5 capillary column (30-m ϫ 0.32-mm ϫ 0.25-m Þlm; Phenomenex, Torrance, CA). The detection limit obtained using this technique is 10 g/g.
Peramine was extracted from plant material by using a method modiÞed from Spiering et al. (2002) . A sample of lyophilized grass tissue (50 mg) was extracted for 1 h with 1 ml of the prepared extraction solvent (50% methanol with 2.064 ng/ml homoperamine nitrate as internal standard). The sample was then centrifuged (8,000 G 1 , 5 min), and a 500-l aliquot of the supernatant transferred to an HPLC vial for analysis. The limit of detection of this technique was 1 g/g.
Statistical Analysis. Because of minor differences in endophyte infection levels in the different plant lines, multivariate regression analysis was used to determine if BCW performance parameters (settling response, survival, and biomass) varied with endophyte infection level. The inßuence of treatment (plant line) on BCW performance parameters was examined using multivariate analysis of variance. Between treatment comparisons, including comparisons between cultivars sharing the same endophyte strain, and within the same cultivar infected by different endophyte strains, were made using Fisher least signiÞcant difference test (␣ ϭ 0.05).
To examine relationships among defensive alkaloids associated with the different plant lines and BCW performance parameters, a combination of multiple regression-based model building techniques were employed after the procedure set forth by Iles (1993) . Using log transformed data generated using only Jesup (seven different plant lines), a set of candidate models was selected with best subsets regression by using MallowÕs C p as the selection criteria. C p -values were used to select the best model of each size class by minimizing the difference between C p and qϩ1, where q ϭ the number of predictors in the model. Next, an automatic forward step-wise selection routine, with a minimum P value Ͻ0.1 designated for inclusion in the model, and a maximum P value Ͼ0.15 for removal from the model, was employed. Results of the step-wise routine were compared against the best models of each size class resulting from the best subsets technique to determine which models best Þt both sets of selection criteria.
Tolerance levels, and variance inßation factors for the predictor alkaloids were examined to identify collinear terms and predictor variables with tolerance levels Յ0.1, and variance inßation factors Ն10 were considered redundant with other predictors (Kutner et al. 2004) . Partial (Legendre and Legendre 1998) and semipartial correlations also were examined to further characterize relationships between the alkaloids and variation in the response variables. Although partial correlations represent the proportion of unique variance accounted for by a predictor (alkaloid) relative to the residual variance when all other predictors are included in the model, semipartial correlations represent the proportion of unique variance accounted for by a predictor alkaloid relative to the total variance of the dependent variable (StatSoft Inc. 2007 ). All statistical analyses were performed using Statistica 7.1 (StafSoft Inc. 2007 ).
Results
Alkaloid Profiles. In the tall fescue lines examined, alkaloid proÞles consisted of various combinations of ergovaline, peramine, and several loline alkaloids (Table 1). Although only the SR 8600Ј ϫ wild type and GA-5Ј ϫ AR510 produced signiÞcant levels of ergovaline, all endophyte strains, with the exception of ARZ1, produced one or more of the loline alkaloids. Plant lines infected with the AR510, AR525, AR584, and ARZ2 endophytes produced a range of loline alkaloids including N-acetyl norloline, N-acetyl loline, and N-formyl loline, although there was no detectable N-acetyl norloline produced by the endophyte AR510 in Jesup. Only N-acetyl norloline was produced at detectable levels by Jesup ϫ AR542. Jesup ϫ ARZ1 was the only plant line that did not produce detectable levels of peramine.
Black Cutworm Performance. BCW performance varied signiÞcantly among tall fescue lines (F ϭ 3.1; df ϭ 36, 462; PϽ0.000001), but among endophyte infected lines, minor variation in endophyte infection levels had no signiÞcant inßuence on any of the BCW performance parameters measured (F Յ 3.2; df ϭ 1, 13; P Ն 0.08). Although the percentage of larvae settling on clippings at 24 h varied signiÞcantly among plant lines (F ϭ 2.6; df ϭ 9, 126; P ϭ 0.006), only three of the endophyte infected lines (Jesup ϫ AR542, Jesup ϫ AR584, and Jesup ϫ ARZ2) resulted in a signiÞcantly lower proportion of larvae settling than the uninfected line (Jesup E-) (Fig. 1A) . Settling on SR8600 ϫ wild type was similar to settling on the uninfected plant line, and signiÞcantly higher than settling on two other plant lines (Jesup ϫ AR542 and Jesup ϫ ARZ2). Although larval settling response did not vary signiÞ-cantly between GA-5 and Jesup infected with the same endophyte strain AR510, signiÞcant variation was observed among the Jesup lines infected with different endophyte strains.
Larval survival at 5 d varied signiÞcantly among plant lines (F ϭ 3.2; df ϭ 9, 126; P ϭ 0.002) with four of nine lines (Jesup ϫ AR542, Jesup ϫ AR584 Taita ϫ AR584, and Jesup ϫ ARZ2) producing signiÞcantly lower larval survival than the uninfected plant line (Fig. 1B) . Survival on Jesup ϫ AR542 and Jesup ϫ AR584 was signiÞcantly lower than survival on SR8600 ϫ wild type. Survival at 5 d did not vary signiÞcantly between the two cultivars infected with the same endophyte strain (GA-5 ϫ AR510 versus Jesup ϫ AR510).
Larval survival at 10 d varied signiÞcantly among plant lines (F ϭ 7.5; df ϭ 9, 126; PϽ0.000001) with all but two endophyte infected lines (GA-5 ϫ AR510 and Jesup ϫ AR525) providing signiÞcantly lower survival than the uninfected plant line (Fig. 1C) . Jesup ϫ AR542 and Jesup ϫ AR584 resulted in signiÞcantly lower survival than the turf-type line (SR8600 ϫ wild type) and Þve other infected plant lines. Survival at 10 d did not vary signiÞcantly between the two cultivars sharing the same endophyte strain (GA-5 ϫ AR510 versus Jesup ϫ AR510).
Although larval biomass varied signiÞcantly among plant lines (F ϭ 2.4; df ϭ 9, 126; P ϭ 0.015), only Jesup ϫ AR542 resulted in signiÞcantly lower biomass than the uninfected plant line (Fig. 1D) . Jesup ϫ AR542 resulted in the lowest larval biomass overall, providing signiÞcantly lower larval biomass than four other infected plant lines (Jesup ϫ AR525 Taita ϫ AR584, Jesup ϫ ARZ1, and Jesup ϫ ARZ2). Larvae feeding on Jesup ϫ AR525 and Jesup ϫ ARZ2 had the highest overall biomass, but only larvae feeding on Jesup ϫ AR542 had signiÞcantly lower biomass compared with these two plant lines. Larval biomass did not vary signiÞcantly between the two different cultivars infected with the same endophyte strain.
Multiple Regression Analysis. Results of the model building procedure used to link BCW performance to alkaloid proÞles are presented in Tables 2 and 3 . In all but one case (larval biomass), the single best alkaloid predictor of BCW performance was n-acetyl norloline with 24-h settling response, 5-d survival, and 10-d survival all decreasing with increasing levels of this alkaloid (Table 3 ). The same three response variables also decreased with increasing levels of peramine, but increased with increasing levels of ergovaline ( Table  2 ). The alkaloids n-acetyl loline and n-formyl loline were not consistently positively or negatively associated with BCW performance and were highly collinear with each other. No single alkaloid or combination of alkaloids was able to predict BCW biomass with statistical signiÞcance (␣ ϭ 0.1).
Discussion
This study is the Þrst to explicitly examine how variation in plant cultivar and Neotyphodium endophyte strain inßuences resistance of tall fescue to BCW. The diversity of tall fescue cultivars that are commercially available reßects both their origins and application, which can have important implications for plant morphological (Beard 1973) and physiological (Rasmussen et al. 2007 ) characteristics. Cultivar can have important effects on plant nutrient content (Rasmussen et al. 2007 ) and the expression of endophyte-mediated defenses (Popay and Gerard 2007) . Cultivar also can be an overriding determinant of insect performance regardless of endophyte infection The designation "wild type" indicates that endophyte haplotype is unknown and likely represents a mixture of haplotypes naturally occurring in the parent plant lines whereas "E-" indicates endophyte free. Both SR8600 ϫ wild type and Jesup ϫ AR542 (MaxQ) are commercially available. NFL ϭ n-formyl loline. a EVN ϭ ergovaline; PRN ϭ peramine; NAL ϭ n-acetyl loline; NAN ϭ n-acetyl norloline.
b Predictors with tolerance levels Յ 0.1 are considered redundant with other predictors.
c Predictors with variance inßation factors Ն10 are considered collinear with other predictors. levels . Still, despite such potentially important cultivar-related effects, the single comparison across cultivars sharing the same endophyte strain in the current study indicated only minor differences in BCW performance. It is important to mention however, that the current study incorporated only one such comparisons and that Þndings should not be generalized beyond the scope of this investigation.
Alternatively, signiÞcant differences in BCW performance were regularly observed within the tall fescue Jesup infected with different endophyte strains. Previous studies have clearly demonstrated that the types of alkaloids produced by endophyte-infected plants are largely a function of endophyte strain (Lane et al. 2000 , Clay and Schardl 2002 , Potter et al. 2008 ). The present Þndings support the idea that certain alkaloids (i.e., n-acetyl norloline and peramine), or combinations of alkaloids, may play a more useful role in providing resistance to this insect than others, and that not all endophyte strains are likely to provide signiÞcant resistance. Efforts aimed at developing endophyte-enhanced grasses that provide resistance to BCW may therefore best be served by focusing on the alkaloid proÞles associated with different endophyte strains. Moreover, these results imply that because of variability in the expression of resistance compounds associated with endophyte infection, signiÞcant variation in the resistance provided by wild-type (unregulated mixtures of endophyte haplotypes) Neotyphodium endophytes currently deployed in commercially available tall fescues may be expected.
Although results of the current study in no way present a deÞnitive picture of the relationship between cutworm performance and endophyte-mediated alkaloid production, they nonetheless present several important observations. First, despite the potential dilution of alkaloids resulting from as much as a 30% difference in endophyte infection levels across the plant lines used in this study, infection level was not an important predictor of BCW response. BCW is notoriously unresponsive to endophyte-mediated defenses and identifying potential endophyte-related sources of resistance to BCW has presented a significant problem for plant breeders and agricultural scientists. Studies investigating the ability of endophytemediated resistance to protect grasses from BCW herbivory have yielded inconsistent results, and before the current study, the chemical basis for any signiÞcant resistance has remained elusive (Williamson and Potter 1997 , Potter et al. 2008 , Richmond and Bigelow 2009 .
Evidence suggests that ergot alkaloids play a mixed, but nonessential role in endophyte-mediated resistance to BCW (Potter et al. 2008) and that BCW may have the physiological capacity to circumvent the detrimental effects of ergot alkaloids (Richmond and Bigelow 2009 ). In the current study, three out of four measures of BCW performance increased with increasing levels of the ergot alkaloid ergovaline. Fur- thermore, the plant line producing the highest amounts of this alkaloid (SR8600 ϫ wild type) rarely performed better than the uninfected plant line. These Þndings support the idea that ergovaline likely is not a useful source of resistance to BCW and that this alkaloid may in fact beneÞt the insect. Although the pyrrolopyrizine alkaloid peramine has been suggested as a potential source of resistance against BCW in endophyte infected tall fescue (Potter et al. 2008) , to our knowledge, no direct evidence of its biological activity against BCW previously has been reported. Peramine has however been shown to act as a feeding deterrent against some insects Gaynor 1986, Siegel et al. 1990 ). In the current study, all four measures of BCW performance decreased with increasing levels of peramine, but decreased settling response, a measure that likely reßects feeding deterrence, was most strongly associated with this alkaloid. In addition, Peramine also was included in several of the two and three parameter models describing BCW performance. Given these Þndings, more controlled experiments investigating the potential for peramine to deter BCW feeding, and the levels required to elicit such deterrence should be performed.
The ability of loline alkaloids to act as feeding deterrents and metabolic toxins against herbivorous insects also has been widely demonstrated (Funk et al. 1983 , Hardy et al. 1986 , Yates et al. 1989 , Bush et al. 1993 . These alkaloids represent a small group of pyrrolizidine alkaloids that have only been found in plantendophyte associations (Justus et al. 1997 ). In the plant lines examined herein, three speciÞc loline alkaloids were detected including N-acetyl loline, Nacetyl norloline (NAN), and N-formyl loline. Among all the alkaloids measured in the plant lines examined, NAN was consistently the single best predictor of BCW performance. To our knowledge, this is the Þrst report indicating a potentially important role for NAN in providing resistance to any insect herbivore. Further efforts to identify endophyte strains producing this alkaloid and examine its potential to resist other insect pests could prove useful.
Although experimental constraints did not allow for examination of potential interactions between alkaloids, Þndings strongly suggest an important role for N-acetyl norloline, and to a lesser degree, peramine in developing endophyte-enhanced grasses that resist BCW. Further studies aiming to incorporate ÔfriendlyÕ tall fescue endophyte strains that produce these alkaloids may provide the basis for developing turf and pasture grasses that resist important lepidopteran pests while maintaining a relatively high level of safety for wildlife and livestock.
